Hukovic (1) was the first to suggest the existence of the cholinergic fibers in the sympathetic nerve of the rabbit's atria. He showed that stimulation of the sympathetic nerve in the isolated reserpinized heart produced the negative chrono and inotropic effects which were potentiated by eserine and abolished by atropine. A series of ex periments in this laboratory (2-5) have excluded an essential role of the heart cate cholamine on initiation and maintenance of the spontaneous contraction and action potential of the rabbit's atria. Recently, Misu (6, 7) and Misu and Takaori (8) in this laboratory have demonstrated that the atrial action potentials abolished by the con centration of 10-5 of dibenarnine, chlorpromazine and yohimbine, are restarted by ad renaline as well as by acetylcholine, and that noradrenaline mainly shortens the repo larization phase of the potential, while acetylcholine serves to restore the depolariza tion phase. This suggests a modulating role of the endogenous noradrenaline in the rhythmic contraction or action potential of the heart, and led us to study the effects of catecholamine-relating drugs on the atrial responses to cholinergic stimulation.
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METHODS
The isolated atria of guinea-pig, weighing 250 to 350 g and of either sex, were mainly used. In some of the experiments the isolated atria of rabbit, weighing 1.8 to 2.2 kg, were also used.
Preparation of the isolated atria attached with innervated vagus nerves : The animal was fixed on the animal-board in a supine position, and after longitudinal incision in the neck the right and left vagus nerves and carotid arteries were separated from the sur rounding connective tissues toward the entrance of the nerves and arteries into the thorax. Immediately after a full exsanguination by cutting both carotid arteries the thorax was opened and the atria with the vagus nerves were prepared following sur gical procedures described previously (9) . Spontaneous contraction of the atria in the fully oxygenated nutrient solution at a temperature of 29`C was recorded on the smoked paper, magnified 10 times via a spring lever. The rate of contraction was counted by use of a photo-electric transducer automatically operated by up-down movements of the lever, and expressed in number/min. Stimulation o f the magus nerves : After the equilibration of the spontaneous movements of the atria both vagus were stimulated just above the meniscus of the nutrient solution for 30 seconds with the square waves, 20/sec in frequency, 1 msec in duration and 0.5 to 5 V in intensity, delivered from the Nihon Koden Kogyo electronic stimulator (Type MSE-3). The intensity of the stimulus was usually adjusted to obtain a decrease by 40 to 60% in rate of the spontaneous contraction. However, a marked augmentation of the atrial responses to vagal stimulation by adrenaline in the reserpinized atria was tested by means of minimal effective stimuli, slightly stronger than the threshold stimuli.
The stimulation was repeatedly applied every 5 to 10 minutes.
The negative chrono and inotropic responses of the atria to cholinergic stimulation were expressed as percent decrease in rate and amplitude of the spontaneous contrac tion during stimulation. The effect of drug on the negative responses was shown as percent change of the responses before the drug administration. The effects of drugs, unless otherwise mentioned, were mainly described on the negative chronotropic response of the atria to cholinergic stimulation. The degree of the depression in amplitude of the atrial contraction during stimulation was sometimes so strong that the exact evalua tion was difficult. The variation of the responses of the individual preparation to the repetition of stimulation under a definite condition was relatively small and was usually within the range of 10%.
The composition of the nutrient solution was as follows : NaCI 9.00 g, KCl 0.42 g, CaCl, 0.24 g, NaHCO3 0.30 g and glucose 1.00 g in 1,000 ml of distilled water. The pH of the solution was adjusted to 7.0 to 7.2. Drugs used were reserpine (Daiichi Co.), 1 adrenaline hydrochloride, dl-noradrenaline hydrochloride, serotonin creatinine sulfate, acetylcholine chloride, dibenzyline hydrochloride, tolazoline hydrochloride, dichloroiso propylnoradrenaline hydrochloride (DCI) and bretylium tosylate*. The concentration of the drugs in the bath fluid was expressed in g/ml. 
Effects of adrenaline and noradrenaline
In response to 10' of adrenaline the rabbit's atria showed a considerably prolonged (about 15 minutes or more) positive chrono and inotropic effects, while the guinea pig's atria showed the transient effects (5 to 7 minutes). During manifestation and after disappearance of the positive effects by 10-' of adrenaline the negative chrono and inotropic responses of the rabbit's atria to vagal stimulation were reduced by 15 to 60%
(the solid line in Fig. 1 x and (X):10-7 and 5 x 10-' of adrenaline on the guinea-pig's atria.
e-e : 10-' of adrenaline on the rabbit's atria. of noradrenaline. Only 2 of 8 atria showed an augmentation of the negative chrono tropic response by 22%. The other 6 atria showed a reduction or an augmentation of the response within a range of 10% and this was insignificant. The augmenting effect by the concentration of noradrenaline lasted about 10 minutes (the solid line in Fig.   2A ). The change in the negative inotropic response of the reserpinized atria by the concentration of noradrenaline remained within the range of 10% in 5 of 7 prepara tions. The other one atrium showed a reduction by 12 to 50% and the remaining one showed an augmentation by 20 to 23% within 20 minutes after the administration (the solid line in fig. 2B ).
In the normal as well as reserpinized atria acetylcholine in the concentration of 10-8 to 3 x 10-8 caused a decrease in the rate by 5 to 15% and a depression in the ampli tude of contraction by 45 to 75%. The negative chrono and inotropic responses of the reserpinized atria to the concentration of acetylcholine were insignificantly affected by the administration of 10-' of adrenaline or 2 x 10' of noradrenaline, that is, +7.8±8.7% (N=4) in the negative chronotropism and +5.0±7.1%/0 (N=4) in the inotropism after 10' of adrenaline, and -5.3±9.8% (N=3) in the negative chronotropism and +2.1± 4.2% (N =3) in the inotropism after 2 x 10' of noradrenaline.
Effcts of serotonin
The administration of 5 x 10-e of serotonin produced a positive inotropic effect in the non-treated guinea-pig's atria, being less in amplitude but longer in duration than that produced by 2 x 10' of noradrenaline, while the concomitant positive chronotropic effect was less and shorter-lasting than that of noradrenaline. The negative chrono tropic response of the atria to vagal stimulation was also reduced by the concentration of serotonin. The atrial response of 3 preparations was reduced by 30 to 75% 5, 10 and 15 minutes after the administration.
Thereafter, 2 of 3 atria showed a gradual recovery of the response. The negative inotropic response of the atria to vagal stimula tion was also depressed by the concentration of the amine. 
Effects of dibenzyline
The administration of 10-8 of dibenzyline gradually but progressively depressed the rate and amplitude of the spontaneous contraction of the guinea-pig's atria. Thirty minutes after the administration the rate was depressed by 10 to 16% and the ampli tude was depressed by 7 to 12% of the previous levels. The depression of the rate and amplitude 30 minutes after the administration of 5 x 10'8 was 12 to 23% and 15 to 35%, respectively. Only in a few preparations a transient and slight increase in the ampli tude in the early phase of dibenzyline action was observed.
Within 30 minutes after the administration of 10'8 of dibenzyline the negative chrono and inotropic responses of the atria to vagal stimulation were scarcely affected. However, the negative chronotropic response began to reduce from 5 to 10 minutes after However, the blocking effect of dibenzyline was partly reversed by the repeated wasn ing of the preparation. Then, the administration of 10' of adrenaline sometimes pro duced an augmenting effect on the negative responses of the atria to vagal stimulation. Numbers on the top of each figure illustrate the rate of contraction/min before, during and immediately after the vagal stimulation. 
Effects of tolazoline
The administration of 10-' of tolazoline increased the rate and amplitude of the spontaneous contraction of the guinea-pig's or rabbit's atria , the increase in rate being Moreover, l0-' of tolazoline depressed the negative chrono and inotropic responses of the guinea-pig's atria to 10-e of acetylcholine. The depression of the negative inotropic response by the concentration of tolazoline was 46% 20 minutes after the administra tion (Table 1) . Only one atrium showed a 51% augmentation of the acetylcholine response 20 minutes after the administra tion.
Effects of dichloroisopropylnoradrenaline (DCI )
The administration of 10' and 5 x 10-' of DCI produced a slight positive chrono and inotropic effects in the guinea-pig's atria, the maximal increase in the rate and amplitude being less than 10% of the previous levels. The negative chrono and inotropic responses of the atria to vagal stimulation were not significantly affected by the concentration of DCI in 5 of 9 preparations. The other atria showed the depression of the responses by 20 to 30% 20 minutes after the administration (Fig. 7) . The depression of the negative responses was partly reversed by washing of the preparation. The concentration of 10' of DCI did not affect the after-positive effects in the rate and amplitude of the spontaneous contraction which were observed in 2 atria immediately after the interruption of the stimulation (Fig. 8) . The negative responses of the atria to 10-8 of acetylcholine were also not significantly affected by the concentrations of DCI.
Effects of bretylium
The increase in the rate and amplitude of the spontaneous contraction of the guinea pig's atria was observed in. response to 10' and 5 x 10' of bretylium. The maximal increase in rate by 5 x 10-5 of bretylium was attained 15 to 25 minutes after the ad ministration and was 10 to 30% of the previous levels. Thereafter, the increased rate declined gradually to the previous level. The increase in the amplitude 30 minutes after the administration of 5 x 10-5 of bretylium was 30 to 100%. The inotropic effect manifested in shorter latency and lasted much longer than the chronotropic effect. The negative chrono and inotropic responses of the guinea-pig's atria to vagal stimulation were progressively depressed by 5 x 10-5 of bretylium until the responses were totally abolished 30 to 60 minutes after the administration (Fig. 9) . However, the time required for the abolition was sub 
DISCUSSION
The present experiment was designed to show the action of the endogenous and exogenous catecholamines on the transmission mechanisms in the pre and postganglionic structures of cardiac vagus nerves using the isolated vagus-atrial preparation of the guinea-pig. During and even after the manifestation of the positive chrono and inotropic effects by adrenaline the negative chrono and inotropic responses of the rabbit's atria to vagal stimulation were significantly depressed. On the other hand, the same responses of the guinea-pig's atria, which showed the only transient positive responses to adrena line, were not significantly affected by adrenaline in many of the preparations. The species difference in the adrenaline action between rabbit and guinea-pig may be due to the difference of the participation of adrenergic mechanism on the cholinergic transmission process. In the present experiments the effects of the adrenergic agents on the negative chrono and inotropic responses to vagal stimulation were observed mainly in the guinea-pig's atria. Noradrenaline usually depressed the negative atrial responses of the guinea-pig's atria to vagal stimulation. Further, the depressant effect of noradrenaline lasted even after the complete disappearance of the positive adrenergic effects which were inferior to the same effects of adrenaline. Therefore, it is much likely that the depressant effect of noradrenaline or the difference in the effect between noradrenaline and adrenaline derives from the difference in pharmacological action of the amines on the atria. No modification by either amine of the negative atrial responses to the exogenously administered acetylcholine (10, 11) strongly suggests the mode of action of either amine other than the interference with access or binding of -the endogenously released acetylcholine to the cholinergic receptors within the atria.
Contradictory results about the effect of adrenaline or noradrenaline on the gang lionic transmission have hitherto been reported (12) (13) (14) (15) . They were ascribed to the difference of the preparations or species, concentration used and probably mode of action. Krnjevic and Miledi (16) have shown that the facilitatory effect of adrena line on the neuromuscular transmission process derives from the restoration of the fatigued transmission by acting on the presynaptic terminals, while the inhibitory effect from the transmission block at the postsynaptic structures. These indications further substantiate the assumption that the depressant effect of noradrenaline on the negative responses of the atria to vagal stimulation relates with the depression on the cholinergic ganglionic structures. It was expected that reserpine pretreatment decreases the threshold or increases the sensitivity of the atria to vagal stimulation, considering from the extreme depletion of heart catecholamines (17) and the moderate increase in heart acetylcholine (18) . How ever, reserpine changed neither the magnitude of negative chrono and inotropic responses to vagal stimulation nor the threshold intensity of vagal stimulation. Trendelenburg and Gravenstein (19) have shown that the pretreatment of the dog with reserpine does not affect the cholinergic transmission through the stellate ganglia.
The negative chrono and inotropic responses of the reserpinized guinea-pig's atria to vagal stimulation were augmented by adrenaline, but not affected by noradrenaline. The complete depletion of the endogenous heart noradrenaline by the dose of reserpine was shown by many investigators. Therefore, it is concluded that in the absence of the atrial noradrenaline adrenaline augments the effects of cholinergic stimulation, while in the presence of the endogenous amine adrenaline is usually without effect. On the other hand, in the presence of the endogenous amine noradrenaline depresses the effects of cholinergic stimulation, while it is without effect in the absence of the heart amine. The result that the negative responses of the reserpinized atria to the exogenously ad ministered acetylcholine were not affected by either amine indicates the other action of the amine than the disturbance of the binding with cholinergic receptors in the atria of the endogenous acetylcholine. For the elucidation of the site or mode of action of either amine on the atrial cholinergic transmission mechanism more experiments should be needed, since the role of the endogenous noradrenaline in the atrial cholinergic mechanisms is unknown.
The administration of adrenolytics such as dibenzyline or tolazoline depressed the negative chrono and inotropic responses of the guinea-pig's atria to vagal stimulation as well as to acetylcholine. The depressant effect of dibenzyline was not easily reversed by washing of the preparation but recovered by the administration of adrenaline after washing of the preparation, though the administration of adrenaline in the presence of the adrenolytics did not restore the responses. Since the adrenolytic effect of diben zyline is known to be long-lasting (20) , the easily reversible effect of dibenzyline is likely to derive from some mechanism, such as anticholinergic action, other than the adreno lytic one. Although it has been shown that tolazoline inhibits the cholinesterase activity (21) , it depressed the negative responses to acetylcholine. It is likely that the depressant effect of tolazoline on the vagal responses is due to the predominant manifestation of anticholinergic effect in the concentration used. However, the depressant effects of diben zyline and tolazoline were not antagonized by the administration of acetylcholine.
The negative responses of the guinea-pig's atria to vagal stimulation 'as well as to acetylcholine were not affected in the concentration of DCI which has been shown to depress the positive effects of catecholamine on the isolated atria (22) . The after-posi tivity sometimes observd immediately after the interruption of vagal stimulation was abolished by the pretreatment of guinea-pig with reserpine but not by DCI in the con centration of 10-'. Middleton et al. (23) have reported that the adrenaline-like substance is released in the perfusion fluid of the cat's heart during vagal stimulation. The result that the after-positivity was not affected by DCI may be attributed to the concentra tion of the drug applied in the present experiment, being enough to block the effect of added amines but not enough to antagonize the adrenaline-like substance released by vagal stimulation. The depressant effect of DCI injected into the sinus artery of the dog's heart on the negative responses to cholinergic stimulation shown by James and Nadeau (24) is likely to derive from other mechanism than the adrenergic beta blockade because of large dose injected.
The negative responses of the guinea-pig's atria to vagal stimulation as well as to acetylcholine were progressively depressed by bretylium. The adrenergic blocking effect of bretylium may be due to interference with the release or to the depletion of the endogenous noradrenaline at the postganglionic adrenergic terminals (25, 26) . It has been reported that betylium inhibits the atrial responses to the sympathetic as well as vagal stimulation (25) . On the other hand, no effect of bretylium on the parasympa thetic nervous system and on the responses of the rabbit's intestine to acetylcholine has been reported elsewhere (27) . The depressant effect of bretylium on the negative responses of the atria to cholinergic stimulation may partly be due to the blocking effect of bretylium on the endogenous noradrenaline, supposedly regulating the choli nergic transmission mechanism in the isolated heart, and partly to the decrease in sensitivity of the atria to endogenously released acetylcholine.
SUMMARY
Effects of adrenergic drugs on the negative chrono and inotropic responses of the guinea-pig's and rabbit's atria to the vagal stimulation were studied in the isolated vagus-atrial preparations.
1. Adrenaline usually did not affect the negative chrono and inotropic responses of the atria to the vagal stimulation, while noradrenaline depressed the responses. 6. The role of endogenously released and exogenously administered catecholainine on the cholinergic transmission mechanism in the isolated atria was discussed.
